N LO0 751
AT wARS i 54/\“ > ¥
Wg/ (L@ Y f ( e/, A\
MONITORING AND SOURCE APPORTIONMENT OF PARTICULATE MATTER o]
NEAR A LARGE PHOSPHORUS PRODUCTION FACILITY

Robert D. Willis and William D. Ellenson, ManTech Environmental Technology, Inc., P.O. Box
12313, Research Triangle Park, North Caroliﬁa; Ten L.Conner, National Exposure Research
Laboratory, United States Environmental Protection Agency, Research Triangle Park, North

Carolina

ABSTRACT

A source apportionment study was conducted to identify sources withih a large elemental
phosphorus plant that contnbute to exceedances of the National Ambient Air Quality Standard for
24-h PM,, concentration. Ambient data were collected at three monitoring sites from October
1996 through July 1999 and included the following: 24-h PM,; mass, 24-h PMZ.s and PM,
mass and chemistry, continuous PM,, and PM, ; mass, continuous meteorological data, and. wind-
direction-resolved PM, ; and PM,, mass and chemistry. Ambient-based receptdr modeling and
wind-directional analysis were employed to help identify major sources or source locatiohs and
source contributions. Fine-fraction phosphate was the dominant species observed during PM,
exceedances, though in general, resuspended coarse dusts from raw and processed matén’als at the
plant were also needed to create an exceedance. Major sources ihat were identified included the

calciners, the CO flares, process-related dust, and electric-arc furnacé operations.

IMPLICATIONS
A recent federal ruling requires that the world’s largest elemental phosphorus plant reduce
~ PM,, emissions in several of its processes. Source apportionment results from this study suggest

that the greatest reductions can be realized by eliminating the flaring or combustion of excess .

cWroduct which results in the release of P,0; to the atmosphere
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‘ The FMC Corporation (FMC) elemental phosphorus plant - the world’s largest elemental
phosphorus plant - is situated on the Fort Hall Indian Reservation near Pocatello, ID. Since
October 1996, the S_hoshone-Bannock Tribes, under a grant from the United States _
Environmentél Protection Agency (USEPA) Region 10, have monitored ambient air quality on the
Fort Hall Indian Reservation. Between October 1996 and July 1998, the National Ambient Air
Qu.ality Standard (NAAQS) for 24-h averaged PM,, m.ass (particles <10 um aerodynamic
diameter) was exceeded on 61 days at one or both monitoring sites immediately downwind of the
FMC facility. Portions of the Fort Hall reservation have been declared a PM,, nonattainment area
because of these violations. In addition, the area is in jeopardy of exceeding the proposed health-
based NAAQS for annual and 24-h PM, ; (particles <2.5 :m aerodynamic diameter).* A 1995
health study® of persons living on the Fort Hall Reservation concluded that “the prevalence of
pneumonié and chronic bronchitis was statistically significantly elevated among participants living
on the Fort Hall Indian Reservation, as compared to participants living on another reservation in a
remote part of Nevada” * |

Meteorological data coupled with PM,, monitoring data arg:ue strongly that FMC is the

plilnir_y_, if not the sole, contributor to PM,, levels that exceed the NAAQS in the nonattainment
area.>® In 1998, FMC reached an agreement with the USEPA .and the Departmént of Justice to.
spend $170 million during the next four years to addréss environmental concerns.* Included in
the settlement were $63 million for air quality improvements and $1.7 million for health studies
with the Shoshone-Bannock Tribes. ' _
The objective of this study was to identify major PM,, sources within the FMC complex
so that effective control strategies could be developed and implemented. Source apportionment
efforts relied extensively on wind-directional and chemical analysis of ambient particulate data,
énd on ambient-based receptor modeling. Ambient particle data were collected at three
monitoring sites from October 1996 through July 1999. These data included the following
measurements, for some or all of the sampling period: W mass and chemistry for
24-h PI\./IZ_5 and 24-h PM,,, s (particles >2.5 um and <10 um), continuous PM,, and PM, ; mass,

continuous meteorological data (wind speed arid wind direction), and wind-direction-resolved

PM, , and PM,, mass and chemistry.



Phosphorus production process. FMC extracts elemental phosphorus from phosphorus
ore, which is shipped by rail to the plant and stored on-site in large storage piles (loaves). The ore
is a complex mixture containing high concentrations of P in addition'to Si, Ca, Al F, and Fe.
Minor amounts of Na, K, V, Cr, and Zn, as well as trace concentrations of heavy metals (N4, Cu,
As, Se, Ba, Cd, Tl, Hg) are also likely to be present in the ore. The raw ore is screened, crushed,
and pressed into briquettes whiéh are “heat-hardgned" in one of two traveling grate'.calciners at

temperatures up to 2300 °F in order to drive off moisture and organics. Calcined briquettes,

referred to as nodules, are screened to remove fines (nodule fines) which are stored in a tower.
Oversized or broken nodules are pulverized by the “splitter” at one end of the proportioning
building. Accepted nodules are stored in a tower for later use or are transported by conveyors

directly to the proportioning building where they are blended with coke and silica to form the

furnace burden. In the “burden level” of the furnace building, burden is transferred by conveyor to .

furnace feed bins, which feed four electric arc furaces through gravity feed chutes. The furnaces
reduce the phosphate rock matrix into elemental phosphorus (P,), slag, and ferrophos. Slag
(calcium silicate) drains to the bottom of the furnaces and is removed through slag tap holes. Hot

slag exits the furnace building-and cools in the slag pit located on the south side of the furnace

b-uilding._' From there it is transported by dump truck to a storage pile located on the south side of -

the FMC plant. Ferrophos (FeP) and metals such as V, Cr, and Ni which are denser than slag, are
‘separated from the slag stream inside the furnace buildi.ng and stockbi]ed in the ferrophos storage
pile on the west side of the FMC pl;mt. Phosphorus and CO are withdrawn from the ﬁjm'aces. by a
vacuum pump and passed through two cbndensation stages. Nearly all phosphorus is remo‘ved by
condensation, while the noncondensible gases (primarily CO) are used to fire the calciners. Excess
CO, beyond what is needed for calcining, is flared. A small fraction of the phosphorus is released
10 the atmosphere during CO flaring. Under normal conditions, CO is flared at the ground flare,
but can be flared at the elevated flare when calciner demanid is lower or when the secondary
condenser must be bypassed. Approximately oﬁce per day, it is hecessary to bypass tﬁe secondary
condenser and “flush” the secondary condenser line in order to maintain efficiency in the furnace
oéeration. Duﬁng these “miniflushes,” which typically last less than 50 min, flushed phosphorus is

released from the elevated flare in higher concentration. Elemental phosphorus product is



clarified, stored, and ioaded into rail cars for shipping from a loading dock referred to as the phos
dock. Captured emissions from the phos dock sumps and launder are ducted to the phos dock
scrubber - another potential source of phosphorus emissions. The FMC operations described
above run continuously, 365 days a year, except when relatively rare upsets occur in one of the

processes. Diurnal fluctuations in plant emissions are not expected to be significant.

. EXPERIMENTAL METHODS

Ambient Monitoring Design and Sample Collection
Ambient monitoring network. The Shoshone-Bannock Tribes, under a grant from the
USEPA Region 10, contracted Air Resource Specialists, Inc.(ARS, Fort Collins, CO) to design,
maintain, and manage the air monitoring -network for the Tnbes. Tribal personnel were hired by
ARS to perform daily servicing for the monitors. The ambient morﬁton'ng program was designed
_ in compliance with USEPA monitoring guidelines’ for ambient particulate monitoring programs.
The ambient monitoring network comprises ws' (Primary and Sho-Ban)

and- one upwind site (Background). Table 1 summarizes the experimehtal setup for ambient

monitoring at the three sites. Figure 1 is an aenial photo of the FMC fac?lity showing the locations
of major emission sources and the Primary and Sho-Ban monitoring sites. The Primary site is
located approximately 30 m north of a two-lane highway (State-Highway 30) which separates the
downwind monitoring sites from the FMC boundary. The Sho-Ban site is approximately 400 m
-west of the Primary site and 15 m north of State Highway 30. The Background site, located 4 km
west-southwest of the Primary site, was chosen to monitor background particulate concentrations
in the area.

The entire FMC facility covers an estimated 1,189 acres. Due to its large size and close.
proximity to the downwind monitoring sites, the FMC complex subtends a large angle (roughly
80 degrees) at the Sho-Ban and Primary sites, creating a situation favorable for applying wind-
direction analysis to locate emission sources. Adjoining the eastern boundary of FMC

(immediately to the east of the aerial view in Figure 1) is the J.R. Simplot phosphate processing




plant, which produces phosphorus-containing products inciuding phosphoric acid and solid and
liquid fertilizers. The FMC-Simplot complex is approximately 2.5 miles west-northwest of the city
of Pocatello. Although Simplot emissions may significantly impact the city of Pocatello, they '
generally contribute minimally to PM,, exceedances at the Primary or Sho-Ban monitoring sites |
due to the strong prevailing wind pattern, as discussed below. \\

Meteorological data. Wind speed, wind direction, relative humidity and temperature were
r ind directior

collected at the Primary site beginning in February 1997 using a 10-meter tower and
instrumentation provided by the USEPA Region 10. One-min, 5-min, and hourly average data

~ were collected using a Campbell Scientific CR10 Datalogger (Campbell Scientific, Inc., Logan,
UT). Prior to this date, meteorological data were available from the J.R. Simplot meteorological
monitoring site located about 350 m from the Primary site. A comparison of meteorological data
collected simultaneously at both sites did not show significant differences in wind speed or wind
direction measured at the two sites_.

Continuous mass monitoring and conditional sampling. Two tapered-element

oscillating haés (TEOM) samplers (Model 1400, Rupprecht & Patashnik Inc, Albany, NY), one

equipped with a PM, inlet and the other with a PM,, inlet, began operation at the Primary site in

November 1998. These samplers enable continuous real-time monitoring of PM, ; and PM;, mass.
Both samplers were operated at a constant flow rate of 16.7 Ipm. Sample afrstreams were pre-
heated to 50°C to reduce the effects of humidity on the particulate matter. A data-averaging and
reporting duration of 5 minutes was used for most continuous mass measurement programs.

Each TEOM instrument is coupled to an Automated Cartridge Collection Unit (ACCU,

Rupprecht & Patashnik Inc.) which allows for conditional, filter-based sampling based on

preselected wind direction, wind speed, time of day, etc. -Dun'ng conditional sampling, the TEOM

diverts part of the sampled air flow to the ACCU. This air is then directed toward any one of eight

filter channels which are microprocessor-controlled. Two wind direction experiments were carried

out in the present study using the ACCUs. In both studies, averaged wind direction and wind
speed signals obtained from the Campbell datalogger were used to gate the ACCU channels such

that air was diverted to a particular filter only when winds were from a preset direction and



satisfied a minimum wind speed threshold. The wind-directional samples were collected on tared
47-mm Teﬂcfl filters (Whatman Inc, Chﬁon NJ) for X -ray fluorescence analysis (XRF)
’_v___’——"‘_\ ——
Determination of Particle Mass and Chemistry
Exposed'HjVol and dichot filters were weighed to determine PM,, PM, ;, and PM, g,

mass concentrations. Filters were weighed by a contract laboratory (ENSR Consulting and

Engineering, Fort Collins, ICO) in accordance with EPA guidelines.” Following weighing, dichot

filters were.analyzed by XRF using facilities at USEPA’s National Exposure Research Laboratory

(NERL) in Research Triangle Park, NC. XRF determines elemental concentrations for elements

Al through U. Elements lighter than Al mcludmg H, C, N, O, F, and compounds such as water

vapor and organic carbon, are not detected in the NERL XRF system although they may comprise

a significant fraction of both the fine and coarse mass. Scanning electron microscopy (SEM)

combined with energy-dispersive X-ray analysis (EDX) was performed on selected source and

ambient samples to yield information on the chemistry and mlorphol_ogy of individual particles.

Qualitative Source Sa:mpling
. Source samples were collected at FMC and on the Fort_Hall Reservation in March and
November 1998 W for use in interpreting wind-directional
analyses and source apportionment calculations. Grab samples of dusts, soils, and raw and
processed materials were ground in a mill to <10 pm, resuspended in a dust chamber, and

W
collected on Teflon filters for XRF analysis. In addition, fine-fraction a€rosol samples were

collected at various locations at FMC using a portable personal air sampler (Alpha-1 Air Sampler,

E.I. duPont de Nemours & Co. Inc., Wilmington, DE) with a 25-mm filter cassette. All source
samples were analyzed by XRF and SEM/EDX.

Table 2 shows the resulting XRF source profiles, expressed as elemental mass fractions.

The aerosol samples are categorized as fine particles (approximately PM, ), and the milled
dust/soil samples are coarse particles (approximately PM,,, ;). Profiles identified by 5-digit ID
numbers, were collected on or near the FMC-Simplot complex in the late 1980s as part of the

Pacific Northwest Source Profile Project (PNSPP)!! and are included in the USEPA’s Speciate



library of source profiles."? (The 5-digit ID number is the Speciate profile number.) These profiles
were considered quantitative when collected; however, changes in FMC operations and/or
composition of the phosphate ore in the intervening years may invalidate their quantitative use in
the pr-eéent study. The remaining source profiles are qualitative since generally only a single
sample was analyzed fbr each source type. | o '

Source profiles 1-9 were collected with the personal air sampler. These include the
ground muring, and after a miniflush, the berm surrounding the ground flare
pit, the phos dock, and the open traveling grate on one of the calciners. All these profiles are
remarkable for their -high elemental phosphorus abundance (17-24%). The phos dock profile
appéars tobea cémposite of phosphorus sources and other (possibly dust) sources. Figure 2 is an
electron micrograph of a sample collected in the ground flare plume. The figure shows micron--
sized, P-rich particles clinging to the fine Teflon fibers comprising the filter. (The large bands of
white or gray angled across the leﬂ-hahd image are Teflon ribs which give strﬁctural strength to
the filter.) These particles are very similar in chemistry and morph_ology.r to those collected at the
ground flare pit, calciner grate, phos dock, and in ambient samples collected downwind of FMC.
It is not known whether thé phos dock and calciner grate are significant sources of fine P or
whether the samplers at these sites simply picked up ambient P, which may be ubiquitous within
the FMC complex. A personal sample was collected above the slag-tapping operations between
furnaces 3 and 4 (profile 7). The furnace tapping profile is rich in P, K, Zn, Se, and Rb. Profile
25422, a furnace tapping profile collected at FMC for the PNSPP, differs signiﬁcantly from
profile 7 but was collected with more rigorous sé:_npling procedures and may be a more accurate
profile. Profile 8 was co_llécted on the burden level (top floor) of the ﬁlméce building and shows
high levels of Ca, Si, Zn, and Cd. Profile 9 was collected on the nodule fines pile and is dominated
by Ca, P, and Si. _ _ o

 Surface dust samples were collected in the. second floor of the furnace building above the
hot slag tapping area (profile 10) and on the burden level (profile 11). These profiles are very
similar, being dominated by Ca, Si, and P, although the slag tap area dust shows relatively higher
levels of S, K, Cu, and Zn. Combustion spheres of varying composition (Al-Si-Ca, K-Ca, Ca-Si,

Fe-P, Fe) were found in both locations.
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Profiles 12-16 are all derived from raw or processed phosphorus ore and éhow
considerable similarity among the major species. These sources will be difficult to resolve solely
on the basis of chemistry. The profiles are dominated by Ca, P, and Si (in decreaSing abundance)
with an average Ca:Si raﬁo of 3.9. Profiles 17-21 represent coke, silica, slag, ferrophos, and

crushed ferrophos. Slag is basically calcium silicate (Ca:Si for this slag sample is 1.8). The

- ferrophos profile appears to be a mixture of slag and FeP, which is not unexpected since slag and
ferrophos are not cleanly separated from each other in the tapping process. The crushed ferrophos
profile, in addition to Fe and P, shows unusually high levels of V, Cr, Ni and Cu. Local soil and
road dust profiles are shown in profiles 22-24. Soil and road dust samples collected at the
Primary site aré enriched in Ca (Ca:Si = 1.3 and 1.1, respectively) relative to soil collected at the
Background site (Ca:Si = 0.3), reflecting the irhpact of FMC at the downwind sites.

The calciner stack profile (profile 25) was generated from six duplicate calciner stack
samples collected in July 1998 during stack tests conducted by FMC. Samples were collected
~ without use of a dilution probe stack samplér. This profile can be compared to the PNSPP
calciner p.roﬁle.(proﬁle 25421). Although the latter profile was collected in the prefeﬁed method
using a dilution probe stack sampler, the profile predates the installation of the Jo'hn Zink |
scrubbers (a division of Koch Industries, Wichita, KS) and therefore may no longer be
representative. Both calciner stack profiles are characterized by very high concentrations .of P, S, -
- Cr, Cd, and Se. Profile 25 also shows thallium at the level of_O..42%. This 1s the onl); profile for
which thallium was detected. (However, we did not analyze for Tl in any of the PNSPP samples
or in samples collected with the personal sampler.) SEM/EDX analysis of the calciner stack
samples shbwed that the composition of individual particles is a mixture of S and P with

significant amounts of K and Cd.

RESULTS

Meteorological Data

. The wind direction at the monitoring sites is predominantly from the southwest. Figure 3
T ————

is a wind rose generated from 18,967 hourly measurements collected at the Simplot met site from




10/01/96 to 2/14/97 and at the Primary site from 2/14/97 through11/30/98. Calm winds, defined
here to be hourly average wind sf)eeds <1 ms™, account for 7.9% of all data. The sector
subtended by FMC at the Primary site (160-240 degrees) accounts for one-third of all
observations. Winds are infrequent from the sector. subtended by the Simplot plant (90-110
degrees, approximately 2.7% of all observations). Relétively high wind speeds are associated with
wind directions between 160-240 degrees: the median hourly wiﬁd speed in the 80-degree sector
subtended by FMC was 5.0 fns" (11.2 mph). The average standard deviation of hou.rly wind
direction for all samples having 24-h wind direction between 160 and 240 degrees is 25% (50

degrees for an average wind direction of 200 degrees) showing that there is considerable

variability in wind direction during a typical 24-h sampling period. This variability produces

“fuzziness” which limits the ability to locate emission sources using 24-h pollutant roses.

. PM,, Data
PM,OI data collected concurrently at the three monitoring sites show strong local gradients.
For the period 10/08/96 to 6/30/98, the average PM,, concentrations were 71 pg/m?, 52 pg/m?,
and'17 pg/m’, at the Primary, Sho-Ban, and Background sites, respecti\}ely. Dunng this period,

47 PM,, exceedances were registered at-the Primary site and 27 exceedances were registered at
ST e

the Sho-Ban site, for a total of 61 exceedance days (13 exceedances were reported concurrently -

—

at both sites). No validated exceedances were observed at the Background site. M-gs_t_emws

occurred between October and March when 39% of the hourly wind directions were between 160

and 240 degrees compared to 26% for the remaining months.
Figure 4 shows PM,, roses at the three monitoring sites. All PM,, exceedances at the
Primary site (solid circles) were associated with 24-h-wind directions between 166 and 237

degrees. The mean 24-h wind direction and wind speed for exceedances at the Primary site were

200 degrees and 8.6 ms™ (19 mph), respectively. Exceedances at the Sho-Ban site were
Mns between 146 and 226 degrees. (I\W
Wy). Projected backward from the Sho-Ban
and Primary sites, these wind sectors encompass the major FMC facilities including the ore piles,

calciners, CO flares, and the furnace building (see Fig.1).



The ratio of Primary PM,, to Background PM,, increases from approximately 4 on non-

exceedance days to 17 on exceedance days. A regression of Background site PM,, concentrations

against same-day Primary site concentrations shows no correlation (* = 0.004 for non-
exceedance days and = 0.0004 for exceedance days), indicating that PM,, exceedances are very
local in nature and are largely uninfluenced by regional background aerosol.

Alternatives to conveniional pollutant roses may help extract directional information
present in the data. One approach is to select a subset of samples based on a parameter of interest,
e.g. 90" percentile 24-h PM,, concentration, then plot the frequencies of the hourly-averaged
wind directions for those samples relative to all hourly wind data collected during the entire study.
This method takes advantage of the higher resolution provided by hourly wind direction data to
characterize the wind pattern associated with the selected parameter.'’ Figure 5 shows “relative
frequency” plots for 34 exceedance-samples at the Pnmary site and 14 exceedance samples at the
Sho-Ban site. (Days for which exceedances were recorded at both sites were excluded). PM,,
exceedancés at the Primary site are seen to be associated with a 6-fold increase in the frequency of
hourly winds from 190-200 degrees relative'to the average frequency of hourly winds from that
sector, Sho-Ban sitd exceedances are associated with a 7-fold increase in the frequency of hourly-
winds from 150-160 degrees. These peak wind sectors, projected back from the sampling sites,
intersect in the vicinity of the calciners and the ground flare (Fig. 1). The last,points plotted in Fig.

5 show that calm conditions (hourly-averaged wind speeds <1 ms™) are infrequent during PM,,

exceedances.

Dichot Mass, Chemistry, and Wind-Directional Plots -

Dichot mass and chemistry. Dichot samples show the relaiive contributions to PM,,
mass from the fine (PM, ;) and coarse (PM,,, ;) size fractions and reveal differences in the aerosol
chemistry of the two size fractions. This information is critical to identifying sourées and
developing emission control strategies. Tables 3a and 3b summarize the mean 24-h mass and.
elemental concentrations and uncertainties for three subsets of fine and coarse-fraction dichot
samples collected at the Primary site between 10/08/96 and 8/30/98. The ‘_‘Wt

includes all samples collected when the éver_a_l_g_g.;_ﬁll wind direction was greater than 237 degrees
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or less thap 166 degrees (i.e., excluding the wind sector containing all Primary site PM,,

ex'ceedanc'es). The “FMC"subset of samples includes all samples collected when the average 24-h

wind direction was between 166 and 237 degrees. The labels “non-FMC” and “FMC” are

intended only to suggest the dominant sources; certainly “non-FMC” samples will have some
contributions from FMC sources and vice versa. The third subset includes only the 13 samples
collected at the Primary site during PM,, exceedances. Note that exceedance samples are
associated with a shift in average 24-h wind direction to 193 degrees compared to the parent
“FMC” subset. (Samples for which the average 24-h wind speed was <1 ms™ were excluded from
Table 3a). |

_ Tables 3a and 3b show that the fine/coarse mass ratio for “FMC” and PM,, exceedance
sainples is about 1.4-1.5, compared to only 1.1 for “non-FMC” samples. Thus, the former samples
are typically dominated by the fine fraction and are enriched in fine aerosol relative to “non-FMC™

samples.

Fine fraction “FMC” samples are dominated by phosphorus. Assuming that the

phosphonjs is predominantly present as weak acidic phosphate (see discussion below), the

average fine mass fraction attributable to phosphate (elemental P mass pius associated H, O, and

N)-s estimated to be 72% for the “FMC” samples. A scatterplot of P versus fine mass for the .
“FMC” samplées shows a very strong correlation (7 = 0.97) which, together with phosphate’s
large mass fraction, indicates that phosphorus concentrations largely drive fine mass

concentrations at the Primary site when winds are from the direction of FMC. Fine sulfur

concentrations are tW Unusually high concentrations
of t.}lzil_lﬂx_rﬂ (TI); sglf_rli_lir_n (Se), cggnjx’grg (Cd), and mercury (Hg) were measured at the Primary
site. These e;lements are presumably present in trace amounts in the phosphate ore, although we
have been un.s_uccessﬁxl in obtaining a quantitative analysis of the phosphate ore used at FMC. If
the eleméntal concentrations in Table 3a are 'expressed' as mass fractions, the fine-fraction
exceedance samples afe seen to be ennched in P, Se, Cd, Tl, and possibly V and Hg, relative to

the “non-FMC” samples.

Coarse fraction “FMC”samples and PM,, exceedance samples are dﬂ@;@M@

(Ca) and silicon (Si). The coarse fraction is enriched in Ca (Ca:Si = 1.2) compared to earth’s ciust
", .
11



(Ca:Si=0.13)" and to the “ﬁon-FMC” samples (Ca:Si = 0.85). The “FMC” and PM,, exceedance
samples also show unusué]ly high concentrations of vanadium (V), chromium (Cr), s_t_rg_nt_ium\
(Sr), 23119__(}.1. Phosphorus is quantitatively detected in only two coarse “FMC” samples; however, )
there is a large uncertainty associated with the need to correct for fine-fraction P collected on the
coarse filter. (By design, coarse filters collect appro;(imately 10% of the fine fraction which must

be subtracted from the total filter mass in order to determine coarse concentrations). On a mass-
fraction bas?s, coarse aerosol during exceedances is. typically enriched in Ca, V, Cr, Ni, Zn, Se,

and Cd, relative to “non-FMC” samples.

SEM/EDX analysis confirms the dominance of P-rich particles in fine fraction samples
collected when winds are from the direction of FMC. Figure 6a is a micrograph of a fine-fraction
dichot filter collécted at the Primary site on 8/26/97. Particles are on the order of 1 um in size.

The overlaid. X-ray spectrum, obtained by rastering the entire field of particles, shows that nearly
all particles are P-rich. The chemistry and morphology of these particles are very similar to that
observed in source samples of the ground flare (Fig. 2) and the phos dock. Figure 6b shows the. |
coarse-fraction mate to Fig. 6a. Most coarse particleé have the rough, irregular surface
morphology characteristic of crustal dust or soil particles. Particle chemiétry Js dominated by Ca
and Si. Occasional fly ash spheres from combustion processes are observed such as the large Ca-
Si-rich sphere in the upper center of the field. The fine-fraction component collected on this
coarse filter can be seen in the background as small, sub-micron phosphate partiéles clinging to
the filter fibers. ‘

Chemistry of PM 10 exceedances. Table 4 provides an estimate of the average PM,,
composition during exceedances. These estimates are based on 17 dichot samples collected at
either the Primary or Sho-Ban site during PM,, exceedances. In order to reconstruct total mass,
hydrogen, nitrogen, and/or oxygen associated with XRF-detected elements must be estimated
since XRF does not detect these elements. The composition of phosphate, in particular, is critical
in reconstructing sample mass from XRF elemental data. Ion chromatography and pH

measurements, performed on a subset of ambient fine and coarse dichot samples, were used to

establish the dominant form of ambient phosphate. Fine frac;ion samples were found to be mildly

acidic with pH ranging from 3.2 to 5.4 in 20-ml extraction volumes. Ammonium concentrations
— ; e
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indicated that about 50% of the acndlc phosphate has ammonium ion assocnated with.it. In

-constructing Table 4, therefore, we have assumed that fine phosphate is 50% H PO, and 50%

NH,H,PO,, and have corrected the elemental P concentration by a factor of 3.44 to account for
the additional associated mass. Coarse P is assumed to be present as phosphate, the same as in the

ﬁhosphate ore. In the absence of additional information, sulfur is assumed to be present as sulfate

The “crustal” category is the sum of the concentrations of Al, Si, K, Ca, Mn, Fe, Ti, and Sr, -

expressed in their common oxide states. The “metals” category sums the common oxides of V,
— DT Y

Cr, Zn, Se, Br, and Cd - elements which are typically anthropogenic. The Background fraction is

an estimate of regional (non-FMC) background contributions. It was constructed using average

~ fine and coarse concentrations at the Background site for all days when the 24-h wind directions
~ were between 150 and 250 degrees. Estimates of organic and elemental carbon were obtained by

. analyzing 11 pairs of collocated dichot samples which were collected at the Pn'mafj site on quartz

filters. (None of these samples represented exceedance days however). Organic carbon results

 were multiplied by 1.4 to account for total organics. For these 11 days, organic compounds and

elemental carbon together accounted, on average, for only about 5% of the fine mass and 2% of

the coarse mass. We have assumed the same percent mass fractions for the exceedance samples in
Table 4, but show these values in parentheses to indicate the high uncertainty associated with the .
carbon estimates. The “Unknown® category is simply the difference between the gravimetric mass

and the re_constrUcted mass.

As seen from Table 4, phosphate salts are estimated to account for nearly three-fourths of

the fine mass and nearly half of PM,, during exceedances. (We assume that PM,, can be

approximated by the sum of fine plus coarse mass). The crustal category is estimated to account

for half of the coarse fraction, but only about one quarter of PM,,. The coarse crustal component

is dominated by Ca and Si with an average Ca:Si ratio = 1.5, reflecting a strong impact from
FMC. (By éomparison, the Ca:Si ratio in the coarse Background component is 0.4). The small-
crustal component (3%) in the fine fraction probably represents the intrusion tail of coarse-

fraction soil or dust into the fine fraction. Sulfate is a minor component in all size fractions,

accounting for only about 3% of PM,, during exceedances. (Regional sulfate included in the

Background category is estimated to contribute about 20% of the total sulfate in the fine
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fraction). Five percent of the fine mass and nearly 11% of the coarse mass is unaccounted for.
This unknown component may include light elements and compounds not detected by XRF

(ammonium, nitrate, water vapor, and any remaining oxygen). Some of the remaining unexplained

“'mass in the fine fraction may be water trapped in phosphate particles. Phosphoric acid and

phosphate salts are both hygroscopic, and SEM analyses of some P-rich particles provide
evidence of trapped water of hydration botling off during localized heating from the electron
beam.

_Wiﬁd-direction ana[vﬁs bf dichot samples. Relative frequency plots for selected dichot
species provide information on the direction of major emission sources. Figure 7 shows relative
frequency plots for selected fine and coarse-fraction species measured at the Primary site. Note
that higher wind speeds tend to dilute stack emissions so that concentrations monitored
downwind may underestimate true source strengths. This effect is corrected to first order by using
the product of wind speed and concentration.’® With the exception of Br, the fine-fraction plots in
Fig. 7 were constructed from the 20 samples with the highest wind-speed-corrected concentration
(90" per;:entile). Use of a 90" percentile threshold improves the plot’s signal-to-noise, at the cost,
however, of excluding most of the data. Wind-sbeed-corrected fine mass, P, Se, and cd largely
track together, suggesting major sources at 170-180 degrees and 200-230 degrees. Multiple
FMC sources lie in these directions including the ground and elevated flares (183 and 207 degrees
respectively), calciners (193 degrees), nodule fines storage pile (223 degrees), furnace building
(210-223 degrees), phos dock (223 degrees), and the slag pit (210-220 degrees). Fine K and fine
Rb are highly correlated (> = 0.97) and probably derive from the same source or sources. Both
species have their highest abundance in the furnace tapping profiles (profiles 7 and 25422, Table
2), and their plots in Fig. 7 point in the direction of the furnace building. Thallium is emitted from
the calciner stacks and possibly other sources; its relative frequency plot peaks broadly near 180

degrees.

For the species discussed above, Fig. 7 provides no indication of sources outside of the

sector subtended by FMC. The fine Br plot however, using uncorrected 95" percentile

concentrations, suggests a weak source of fine'Br at 100~120 degrees. All of the high-Br samples

represented in this plot were collected in the eight months between October 1997 and May 1998.
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Hourly wind data for these samples show that calm conditions were more than twice as likely to
coincide with high Br concentrations, compared to the averége frequency of calm periods over all
hourly wind daté. We speculate that the Simplot plant (90—1 10 degrees) or the city of Pocatello
may be the source of the Br and that quiescent wind conditions provide favorable conditions for
' fine Br to accumulate to detectable concentrations at the Primary site.

Relative frequency plots for-coarse species measured at the Primary site are shown on the
right in Fig. 7. Coarse plots were constructed from samples having uncorrected 24-ﬁ _
concentrations exceed'ing the 90" percentile. (Coarse concentrations were not multiplied by wind
speed since resuspended coarse dust concentrations are expected to increase with wind speed).

All coarse plots show the same prominent peak at 170-180 degrees that was observed for many

of the fine species, suggesting that this sector contains sources for both PM, , and coarse

particles. Slag-handling operations may explain the secondary peaks at 220—230 degrees observed
for coarse mass, Ca,‘ and Si; however, these peaks are very narrow and may not représent real
sources. Coarse V and Cr are highly ¢orrelated (r =:0.94) and have nearly identical plots, peaking
strongly at 175 degrees. Coarse K and Rb, like their fine-fraction c_dunterparts, are strongly
correlated; but the coarse plots differ from the fine K and Rb plots which indicated major
contributions from the direction of the furnace. Coarse Zn, however, does show a pronounced . ,

peak in the direction of the furnace building’. (Zincis ébundant in the slag tap dust and slag

loadout profiles).

Continuous Mass Monitoring and Wind Directional Studies

Continuous monttoring of PM, and PM,, began at the Primary site in November 1998
using two TEOM samplers equipped with a PM, s cyclone inlet and a PM,, inlet, respectively. It
' wés hoped that continuous monitoring might resolve questions about the relative importance of
transient emission “spikes” versus steady-state processes at FMC, whether or not there were daily
patterns in the continuous PM,, record that could be associated with specific FMC sources or
operations, and whether PM,, exceedances correlated with winds from certain directions.

Continuous mass monitoring. Continuous mass data, determined every two seconds,

were averaged and reported in 5-min intervals. Figure 8 shows TEOM and met data for a PM,,
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exceedance day at the Primary site (February 23, 1999). While the Primary site HiVol reé_istered
269.9 pg/m?® for 24-h PM,,, the TEOM PM,, and PM, ; monitors reported 24-h averages of 236
pg/m® and 165 pg/m’, respectively. Approximately 70% of the PM,, was in the fine fraction for
this exceedance event. The Wind direction plot shows winds predominantly from 180-240 degrees
and moderate wind speeds of 3-6 ms”. The cause of the PM, , “event” at 16:30 hours and lasting
-approximately 40 minutes is not known. Although this is characteristic of a. furnace upset resulting
in an unplanned release of P,O, from the pressure relief valves (PRVs), FMC logs shbw no PRV
releases or' furnace flushes (planned releéseé from the furnace PRVs) on this day.’ It is -
noteworthy that the sudden drop in PM,, and PM,  concentrations to very low values at
approximately 8 AM coin_cides' with a temporary period of calm (low wind speed and unstable
wind direction). For this' 1-2 h period of time, the Primary site was not strongly impacted by FMC
emissions: winds were insufficient to resuspend coarse particulate matter, and any plumes
cont;clining fine PM rﬁay simply have fisen and passed over the monitoring site. These data suggest -

thﬁt temporal variability observed in ambient PM,, and PM, ; may be driven more by. changes in

wind direction and/or wind speed than by changes in source emissions.

—

TEOM data records reveal occasional PM, , events associated with uhplanned pressure
releaseS from one of the furnaces causing substantial quantities of P,O; to be vented to the
atmosphere. During these events, PM, ; concentrations at the downwind monitoring sites can
approach 1000 pg/m’ for a short time. Such upsets occur a number of times during a year, but
typically do not last long enough to be the primary cause of a PM,, exceedance. TEOM data have
been examined for PM,, or PM, , “spikes” coincident with known times of planned miniflushes
and/or furnace flaring. Generally, such spikes only stand out in the TEOM record when wind
conditions are optimal for transport from the source to the Primary site. Except in rare
circumstances, we think that it is unlikely that mniflushes or furnace flaring contribute more than
10% of the PM,; needed for an exceedance.

Five-min averages of TEOM mass and concurrent meteorblogical data were analyzed to
investigate associations between wind direction and ambient mass concentrations. The compass

was divided into16 sectors of 22.5 degrees each. Average “mass loading” factors were determined
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for each sector by dividing the amount of mass associated with the chosen sector by the number
of sampling periods recorded for that wind sector. Figure 9 shows the results for PM, ; and
PM,,, s for the seven-month sampling ben'od of November 19, 1998 - June 6, 1999. Mass
loadings for bofh size fractions are strongly peaked in the direction of FMC. However, PM, ; mass
loadings peak in Sector 8 (180-202.5 degreesj while the PM,M_s mass loadings peak in Sector 9
(202.5-225 degrees). These plots provide insight into the origins of PM,, exceedaﬁces. For
example, average contributions from Sector 8 during the seven-month sampling period, were 174
ug/m’ of PM, ; plus 79 pg/m’ of PM,,, , for a total of 253 pg/m® of PM,,. This is the daily
average PM,, concentration at the Primary site that would be predicted if the winds originated
from Sector 8 for an entire 24-hour peﬁod. Average contributions of 115 pg/ﬁx’ of PM, ; plus 89
pg/m® of PM,, , for a total of 204 pg/m’ of PM,, would be expected on days when the winds
were exclusivefy from Sector 9. These plots also indicate a PM,, background from non-FMC
sources of about 25 pg/m®. |
Wind directional studies. Two wind-sector sampling studies were conducted with the
TEOM-ACCU samplers in order to study PM,, and PM, chemisiry as a function of wind
direction. A comparison of dichot and collocated ACCU samples unfortunately showed severe
line losses of coarse fraction material between the PM,, TEOM sampler and its ACCU filtér
packs, which invalidated the ACCU PM,, results. The following dis'cus'si(.)n is thus limited to
ACCU PM, ; results. The two studies -- January 27-February 19, 1999 and June 10-July 13,
1999 -- were similar in design and yielded similar results. The second study, however, provided
better wind-direction resolution and improved signal-to-noise. In this study, the eight ACCU
samplirig chaﬁnels were assigned to consecutivel0-degree wind sectors spanning 160-240
degreés. (Résu]ts from the first study confirmed that the 100-140 degree sector - which includes
the Simplot facility and Pocatello - was not a significant source of PM, ; at the Primary site). In
addition, a minimum wind speed of 2 ms™ was required to open any ACCU channel for sampling.
In aﬁ effort to iniprove signal-to-noise, the TEOM data averaging interval, and hence the
minimum ACCU channel switching time, was shortened frorﬁ five minutes to one minute.

Figure 10 presents TEOM-ACCU PM, ; results from the second wind-sector sampling

experiment. Plots are shown for selected elements that are known to be associated with the FMC

H
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facility. Note that elemental concentrations are expressed as a percent of the total PM,;s mass in

each wind sector, rather than in terms of absolute mass concentrations. Phosphorus is seen to
comprise a fairly constant fraction of PM,  (17-20%) between 180-230 degrees, suggesting that
the entire FMC facility acts as an area source for fine-fraction phosphate. (When absolute mass
concentrations are plotted, P peaks Eetween 190-210 degrees). On average, during the month—

long sampling period, phosphate cdmpn'sed 62% of the PM, ; aerosol coming from the direction

~ of FMC, assuming partially neutralized acidic phosphate as per Table 4. Thallium and Cd are seen

to peak between 190 and 210 degrees. These elements are abundant in the calciner stack profile,

although Cd and Se also appear to be associated with furnace operations. Fine K and Zn, elements

strongly associated with furnace operations, have very similar plots peaking between 220-230
degrees. Selenium is most enriched in aerosol coming from 200-230 degrees, suggesting

contributions from both the calciners and furnace operations.

Receptor Modeling

Dichot data collected at the Primary site between October 1996 and August 1998 were

input into the multivariate receptor model UNMIX'"#? in an effort to identify major FMC sources
and quantify source contributions. UNMIX is an ambient-based model that does not require

source profiles. Using only ambient concentration data, UNMIX estimates the number of sources,

. the source compositions, and source contributions and uncertainties. UNMIX assumes the

following: (1) ambient concentrations are a linear combination of an unknown number of sources
of unknown composition, (2) the data and the compositions and contributions of the sources are
strictly positive; (3) for each source there are some ambient samples which have little or no

contribution from that source.

Variability in the ambient data is key to success with UNMIX as with other source

~ apportionment tools. In this regard, FMC presents a particuiar challenge. Because most FMC

processes operate continuously (rather than turning on and off), variability in the downwind |

ambient data is driven to a very large extent by wind speed and wind direction. As seen below,

~ two or more sources with chemically distinct profiles, but located in the same direction from the

monitoring site, are extracted by UNMIX as a single factor with mixed composition.
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Coarse and fine data from 204 dichot pairs were modeled separately with UNM]X Each
size fraction yielded a four-factor solution, shown in Table 5 as compositions (in mass fraction)-
and uncertainties for each of the extracted factors. Only species used as fitting species in the
model are listed, and those species with signal greater than twice the uncertainty are shown in
| bold. Although UNMIX does not require source profiles, the calciner stack profile collected in
1998 (Table 2) was used to constrain the model for the-fine fraction. (For each ambient sample,
concentrations of fine S, K, Se, and Rb were divided into calciner (ca) contributions [S,,, K_,, etc.]
and non-calciner (nca) contributions [S,;,, K, etc:] using the element’s ratio to thallium in the
stack profile and assuming that all ambient thallium is emitted from the calciner stacks. The
calciner and non-calciner species were then treated as independent fitting species in the model).

Figure 11 shows relative frequency plots, analogous to Fig. 7, for'ﬁrfe and coarse UNMIX
factors. In order to enhance signal-to-noise, only ambient samples with the highest predicted mass
contributions for a given facfor (>90" percentile) are used in generating the relative frequency
plots. The composition profiles in Table 5 in conjunction with the wind direction plots provide a
- tentative identification for some of thle UNMIX factors. The factor accounting for the most mass
in the ﬁne fraction is identified as “Calciner + Flares” based on the profile’s high P, S, K,, Cd.,,
and Tl -abundances, and the relative frequehcy plot (Fig. 11) w_hic'fh peaks between 180 and 190
degrees. This “source” is an example of two or more chemically distinct sources, located in™™" -
approximately the same direction from the monitoring sité, which are difficult to deconvolve
because of covariance introduced by meteorology. The major sources representéd in this factor
are the calciners (including the stacks and the open grate) and the elevated and ground flares. In
order fo quantify the individual source contributions, additional constraints must be applied to the
data as discussed below. The “Calciner + Flares” factor accounts for 43 + 9% of the aQerage fine
mass and 54 + 5% of the average fine P at the Primary site.

The fine-fraction “Fumnace” factor accounts for 23 + 4% of the avefage fine mass at the
Primary site. This factor was identified based on the abundances of P, K__,, Rb,,, and Cd, and on
its relative frequency plot which peaks strongly in the direction of the furnace building. High
levels of fine P, K, and Rb were measured aone the slag tapping area of the furnace building, and

high Cd concentrations were measured on the burden level. Other FMC sources located in a
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similar direction from the Primary site may be folded in with the “Furnace” factor. These include
the phos dock, phos dock scrubber, and the elevated flares, all of which might be significant.

sources of fine phosphorus. Note that the sampling days with the highest predicted impacts from

- the “Furnace” factor (both fine and coarse) have relatively few periods of calm. This simply

reflects the fact that winds from the direction of the furnace bdilding are typically associated with
moderately high wind sbeeds. ‘ |

The “Simplot-Pocatello” factor, accounting for 22 + 10% 6f the average fine mass, isa
statistically weak factor with poor signal-to-noise for all species except P and S_,. This source
accounts for most of the fine sulfur not associated with the calciner stacks. The relative frequency
plot indicates a possible source in the direction of the Simplot facility and the city of Pocatello.
(The peak at 340-350 degrees is probably too narrow to represent a feal source). Also
noteworthy is the relativelyl high frequency of calm conditions associated with this factor. Similar .
conditions were found earli-er to be associated with high concentrations of fine Br at the Primary
site, and we speculate that the Simplot facility and/or Pocatello may be the source of these species
during qﬁiescent conditions or when winds are from the east. |

The “Fine Dust” source, accounting for 11 + 9% of the average fine mass, is a weak

source with poor signal-to-noise for all species. This factor explains all of the Si and most of the

" Ca measured in the fine fraction, suggesting resuspended dust, and yet the profile is dominated by

P. The Ca:Sf ratio (0.7) is intermediate between phosphorus ore and soil from the Background
site. The chemical profile does not match any of the measured source profiles in Table 2. The
relative frequency plot, however, suggests FMC sources. This factor may represent a mixture of
background and FMC sources including the fine-fraction tail of resuspended coarse dust from raw -
and proéessed materials at FMC. |

UNMIX factors for the coarse fraction are less easily interpreted.'The largest factor,
accounting for 35 £ 5% of the average coarse mass, has been identified as “Coarse FMC Dust”.

The UNMIX profile resembles profile 41139 in Table 2 which represents a composite of six dust

“samples collected on paved roads within the FMC-Simplot complex. The UNMIX profile has high

abundances of Si, P, Ca, Ti, V, Cr, and Fe. The relative frequency plot for this factor (Fig. 11)

peaks between 160-210 degrees. Within this sector are numerous potential sources of coarse
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FMC dusts inéluding the ore loaf and other raw material storage piles, the calciners, the
proportioning bgilding, the burden level of the furnace building, and road dust. Unfortunately, the
similarity among source profiles for many of the coarse dust samples collected at FMC éuggest
that it will be difficult to distinguish the various sources of raw and processed phosphorus ore -
materials. . _

The “Nén-FMC Dust” factor accounts for 28 £ 5% of the average coarse mass. Its
relative frequency plot may indicate a weak source or source§ toward the north or northwest of
the Pnmary site. The profile has a relatively low P abundance. The Si concentration in this
factor’s profile (19.7%) seems too high for wind-blown sbil (see Table 2) but may be consistent
with paved road dust (profile 41140). A possible source is a four-lane interstate highway (I-86)
which runs east-west about 200 m north of the Primary site.

The coarse “Furnace” factor, like its fine counterpart, was identified on the basis of its
relative frequency plot and the profile’s high concentrations of K and Rb. It also has very high
concentrations of Si and Ca which may be associated with slag loadout operations or with the
nodules fine storage site. This factor may thus represent a mixture of sources comprising
emissions from hot slag-tapping operations, the burden level, slag handling, and nodule fines. It
accounts for 26 + 6% of the average coarse mass. _

The “Other” factor is a weak factor accounting for 13 £ 6% of the coarse mass. It is

difficult to interpret this factor. The relative frequency plot suggests a source or sources at FMC

in the general direction of the calciners. The factor profile is distinguished by its high S

concentration, but is dominated by Ca, Si and P, in that order. Of the sources listed in Table 2,
only the fine-fraction calciner stack profiles have greater S abundance. Perhaps this factor
represents resuspended FMC dust that mixes in the air with sulfate emitted from the calciner
stacks. Mamane et al.Z observed similar S-enrichment of airborne minerals and spores due to
adsorption of am.bient sulfate aerosol.

The source apportionment results in Table 5 were used to estimate average source
contributions to PM,, at the Primary site. The first column in Table 6 presents UNMIX
apportionment results, as a percent of PM,,, averaged over all dichot pairs, assuming that PM,,

can be approximated by the sum of fine and coarse mass. Over the entire set of dichot samples, -
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non-FMC sources (“Simplot-Pocatello” + “Fine Dust” + “Non-FMC Dust”) accounted on

average for about 30% of the measured PM,,, while FMC sources (all remaining categories)
W of PM,(.,. As discussed above, the “Fine Dust” factor may represent a
mixture of FMC and non-FMC sources, so Table 6 probably underestimates the"FMC
contribution. There is con§iderable sample-to-sample vaﬁability in the apportionment fesults
which is reflected in the large uncertainties.

The second column of Table 6 shows UNMIX results for nine exceedance days at the
Primary site when valid dichot data exist for both the fine and coarse size fractions. Exceedances
are characterized by large increases in contributions from the “Calciner + Flares” and “Coarse
FMC Dust” sources compared to all dichot samples: Together these two factors account for 65%
of PM,, during exceedances. Although the “Fumnace” contribution increases during exceedances
in terms of absolute mass, it actually decreases as a percentage of PM,O,_implying that this factor
does not drive exceedances at the Primary site as much as the “Calciner + Flares” and “Coarse
FMC Dust” factors. These observations are consistent with the observed shift in prevailing wind
direction toward 190 degrees during Primary site exceedance events.

It seems clear that the “Calciner + Flares” factor rebresents at least two distinct sources
whichl have been coupled by meteorology and common direction with respect to the Primary -site.
In order to estimate 'Cdntﬁbutigns from individual sources comprising this factor, additional
constraints must be imposed on the data. The unusually high abundance of thallium in the calciner
stack profile (Table 2) provides a means of quantifying the calciner stack contribution. Assuming
that all ambient Tl comes from the calciner stacks, then the average calciner stack contribution to
PM,, exceedances at the Primary Site (based on the nine exceedance samples in Table 6) is about
5 + 2% of the PM,, mass. This is an upper limit estimate, since any additional sources of Tl would
necessarily lower the calciner stack contribution. Referring to Table 6, this leaves a minimum
contribution of 33 + 12% for the calciner grate and the ground and elevated flares. In addition,.
FMC estimates that emissions from the elevated flare are roughly one-fourth of the ground flare
emissions.? Calciner stack emissions are rich in S (9.1%) and P (6.2%). A calciner stack
contribution of 5% would also account, on average, for about 36% of the ambient S and 2.2% of

- the ambient P measured at the Primary site during exceedances,
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Similarly, the “Furnace” factor probably represents contributions from multiple sources
(including furnace tapping, burden level, slag loadout, nodule fine storage pile, and the phos dock
.and phos dock scrubbér) located within the same wind sector. High cbncentrations of fine Rb
were measured in the furnace tapping profiles (profiles 7 and 25422, Table 2) and can be used to
set an upper limit on PM,, contributions from ﬁJmaée tapping operations. Taking the Rb
: abuﬁdance from profile 25422 (which is expected to be more accurate than the one-hour personal
“sample profile) and assuming that all ambient fine rubidium is due to furnace tapping opérations,
then the upper limit on the fine-fraction furnace tapping contribution to PM,, mass during
exceedances is-approximately 5 +2%. This amount of fine-fraction furnace tapping would also
account for 34% of the PM,, potassium, 12% of PM,, cadmium, and 10% of the PM,, sulfur
during Primary site exceedances, assuming the mass fractions in profile 25422. Of the 13%
“Furnace” contribution to PM,, given in Table 6, we estimate that the remaining 8% is associated
with coarse furnace tapping emissions, as well as PM,, emissions from-the sources listed above

which are in approximately the same direction from the Primary site.

CONCLUSIONS

The goal of our study was to identify and quantify the major sources at FMC that
contribute to violations of the NAAQS for 24-h PM,, in the Fort Hall study area. Thisis a
difficult task because FMC has numerous emission sources, and meteorological coupling of
sources makes it difficult to estimate individual source contributions. Source apportidnment'
-efforts were further hampered by a lack of quantitative source profiles. Nevertheless, we were
able to estimate PM,, cdntributions from a few individual sources or source clusters. In addition,

the study provided new insights into the nature of PM,, exceedances and the aerosol chemistry

associated with exceedance events.

/O Exceedances are characterized by extremely high concentrations of fine phosphorus-rich
particles believed to be partially-neutralized acidic phosphate. This phosphate accounts, on

average, for 72% of PM, ; and nearly 50% of PM,, in exceedances at the downwind sites.
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PM,, concentrations at the downwind monitoring sites are determined largely by local
wind speed and wind direction. When winds are from the direction of FMC, PM,, is
dominated by PM, ;. The PM, :PM,, ratio increases during exceedénces to approximately
0.6-0.7. Generally,- however, both fine and coarse-fraction contributions are needed to
make an exceedance: Exceedances at the Primary site are typically associated with a wind
shift toward 190 degrees -- i.e., when the Primary site is approximately downwind of the

calciners and the ground flare. Receptor modeli'ng results predict that PM,, contributions

- from FMC sources within the wind sector from 170-210 degrees (calciner stacks, calciner

. —

grates, the ground and elevated flares, and coarse, process-related dusts) increase

dramatically during Primary site exceedances.

Neither the J R. Simplot plant nor the city of Pocatello contributes significantly to PM,,
exceedances at the monitoring sites. One or both of these may, however, be a source of

fine S and Br at the monitoring sites when winds are calm.

Planned P,O; releases resulting from miniflushes or furnace flaring operations are

generally minor contributors to'PM,, exceedances.

Receptor modeling combined with the calciner stack and furnace tapping estimates predict

the following source contributions to Primary site PM,, during exceedances: (1) calciner

stacks: 5 = 2%, (2) PM, ; furnace tapping: 5 + 2%, (3) ground flare + elevated flare >+

calciner grates: 33 + .12%,‘(4) processed-related coarse duét: 29 + 18%, (5) furnace

operations (excluding fine furnace tapping), burden levél, slag handling, phos-dock, nodule

fines: 8 + 7%, (6) background: 12 7%, (7) unexplained: 8%.

These result suggest that the greatest reductions in PM,, at the downwind monitoring sites

can be realized by eliminating the flaring of CO in the ground and elevated flares and the

combustion of CO in the calciner open traveling grates.

~
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Figufe Captions

Figure 1. Aerial view of the Fort Hall study area showing the FMC complex and the Primary and
Sho-Ban monitoring sites.

Figure 2. Personal air sample cbllected_ from the ground flare plume during a miniflush. Particles
are approximately I micron in size and cling to fine Teflon fibers comprising the filter. Nearly all
particles are droplet-like P-rich particles similar to the one centered in the magnified image on the
right. Large clumps of white are Teflon ribs which provide structural support for the membrane

filter.

Figure 3. Primary site wind rose for hourly-averaged wind speed and wind direction. Data were
collected between 10/01/96 and 11/30/98. '

Figure 4. PM,, roses at the Primary, Sho-Ban, and Background monitoring sites for samples
collected between 10/08/96 and 6/30/98. The radial amplitude is proportional to the 24-h PM,,

* concentration. Solid data points are PM,, exceedances.

Figure 5. Relative frequency plots for 24-h PM,, exceedance samples at the Primary and Sho-Ban
sites. Plot resolution is 10 degrees. Hourly-averaged wind direction data were compiled from 34
sampling days for which exceedances were recorded only at the Primary site (solid curve) and 14
days for which exceedances were recorded only at the Sho-Ban site (dashed curve). The vertical
scale shows the frequency of hourly wind directions from a given 10° sector relative to all hourly
data for that wind sector.

Figure 6a. Fine dichot sample collected at the Primary site (8/26/97). The superimposed i-ray
spectrum, acquired by rastening the electron beam over the entire field, shows that nearly all

~ particles are phosphorus-rich. (The fluorine and carbon peaks are generated by the Teflon filter).

Figure 6b. Coarse dichot sample collected at the Primary site (8/26/97). Coarse particle
chemistry is dominated by Ca and Si. Spherical particles such as the large Ca-Si-rich sphere in the
upper center of the field are produced in combustion processes.

Figure 7. Relative frequency plots for selected fine and coarse dichot species at the Primary site.
The fine Br plot was constructed from samples having Br concentrations exceeding the 95"
percentile. Samples with 24-h wind-speed-corrected concentrations exceeding the 90™ percentile
were selected for all other fine species. Fine P and fine Rb plots were nearly identical to fine mass
and fine K, respectively, and were not plotted. Coarse plots were constructed from samples with
uncorrected 24-h concentrations exceeding the 90" percentile. Coarse Si, Cr, and Rb plots were
nearly identical to plots of coarse mass, coarse V, and coarse K, respectively.

Figure 8. Five-minute average TEOM PM,,, TEOM PM, ; wind speed, and wind direction for a
PM,, exceedance day at the Primary site (2/23/99). The HiVol monitor registered 269.9 ug/m’ for
the day. Note the precipitous drop in aerosol concentrations coinciding with calm conditions at

about 8 am.



Figure 9. Continuous PM,  (top) and PM,,, ; (bottom) mass results, averaged by wind sector, -

- for November 19, 1998 - June 6, 1999. Coarse (PM,,, 5) concentrations were calculated as the
difference between TEOM PM,, and TEOM PM, ; concentrations. Wind sectors are contiguous
22.5-degree sectors with Sector O representing 0-22.5 degrees. PM, ; mass loadings peak sharply
in Sector 8 (180-202.5 degrees) while coarse mass loadings peak in Sector 9 (202.5-225 degrees).

Figure 10. Percent of PM, ; mass versus wind sector for selected species measured at the Primary
site. Each 10-degree sector was assigned to a separate ACCU channel which collected aerosol
only when the 1-min average wind direction was from the assigned sector and the 1-min average

wind speed exceeded 2 ms™.

Figure 11. Relative frequency plots for fine-fraction (left) and coarse-fraction (right) UNMIX
factors. For each factor, hourly wind direction data were compiled from the 20 dichot samples -
with the highest predicted mass contributions for that factor (90® percentile).



Table 1. Ambient monitoring setup at three Fort Hall monitoring sites.

Site Samplers Species Schedule Data From - To
Primary Hivol* 24-h PM,; mass Daily 10/08/96-3/31/98
- - 6th day 4/01/98-6/30/98
Collocated Hivol® 24-h PM,, mass Da}ly 10/08/96-3/31/98
" " 6th day 4/01/98-6/30/98
Dichotomous® 24-h PM,, and PM, .., 3rd day 10/08/56—2/07/38
mass and elemental 2nd day 2/10/98-8/23/98
"Collocated dichot® 24-h PMZ:, and PM . 2nd day 2/12/98-8/23/98
mass and elemental
10-m met tower* WS, WD, T, RH Continuous 2/14/97-present
TEOM 2.5° PM,  mass Continuous 11/11/98-7/23/99
TEOM 10° .PM,,, mass Continuous 11/11/98-7/23/99
" ACCU 25° PM, ; mass and elemental Selected days 1/99-7/23/99
ACCU 10° PM,, mass and elemental Selected days 1/99-7/23/39
Sho-Ban HiVol® 24-h PM,, mass Daity _ ;10/08/96—3/31 /98
" - 6th day _4/01 /98-6/28/98
_ Dichotomous® 24-h PM,; and PM_, .. 2nd day 2/12/98-8/17/38
mass and elemental .
Background HiVot® 24-h PM,, mass Daily 10/08/96~3/31/98
h 6th day 4/01/98-6/28/98
. Dichotomous® 24-h PM, ¢ and PM_,.,, 2ndday 2/14/98-8/21/38

mass and elemental

Notes:

a. Model 321C, Andersen Instruments Inc., Smyrna, GA.

b. Model 241, Andersen Instruments Inc., Smyrna, GA.

c. Mode! 05103 Wind Moanitor, R.M. Young, Traverse City, Mi.
d. Series 1400, Rupprectit & Patashnick Co., Albany, NY.



Table 2/ ' Source proﬁles:)-for the Fort Hall study. Concentrations are expressed as fractions of total sample mass.

. 1 2 3 4 5 6
" “Pre-flush " Miniflush ~ ° “"Post-flush Ground Flare Phos-dock  Calciner Grate

fine fine ' fine fine fine fine
Si 0.00220 " 0.00380 0.01530 0.00660 0.01350 0.00620
P 0.18400 0.19700 0.23760 0.16750 0.19530 0.16820
S 0.00000 0.00000 0.00110 0.00100 0.00180 0.00330
K 0.00010 0.00000 0.00025 0.00070 0.00500 0.00100
Ca 0.00100 0.00140 0.00140 0.01150 0.02870 0.00670
Ti 0.00000 0.00004 0.00060 0.00002 0.00025 0.00005
v 0.00000 0.00000 0.00015 0.00010 0.00016 0.00003
Cr 0.00004 0.00001 0.00020 0.00012 0.00017 0.00008
Mn 0.00000 0.00001 0.00025 0.00003 0.00003 0.00004
Fe 0.00015 0.00010 0.00035 -0.00130 0.00275 0.00080
Ni 0.00005 0.00002 0.00020 0.00003 0.00004 0.00005
Cu 0.00000 " 0.00002 0.00025 0.00001 0.00002 0.00000
Zn 0.00010 0.00001 0.00007 0.00020 0.00110 0.00020
Se 0.00000 0.00000 0.00007 0.00001 0.00020 0.00050
Br 0.00000 0.00000 0.00004 0.00000 0.00001 0.00002
Rb 0.00001 0.00000 0.00000 0.00003 0.00002 0.00000
Sr 0.00002 0.00003 - 0.00021 0.00003 0.00015 0.00002
.Cd 0.00170 0.00150 0.01010 0.00050 0.00040 0.00200

Hg na .na na na na na

Tl na na na na na na

Pb na N2 na na na 2

: <. 2%e2 8 ... 9 . 10 - KT
' " Furnace Tapping “--Burden Level '~ - *Nodule Fines . Slag Tap Dust = - Burden Dust
: S fine . fine fine coarse _ coarse
Si 0.01470 0.00562 0.08160 0.05000 0.04340 0.04040
P 0.12680 ~ 0.15286 0.04040 0.06160 0.04380 0.03050
S 0.01750 0.02618 0.01690 0.00570 - 0.01070 © 0.00510
K 0.06480 - 0.09437 0.02510 0.00800 0.01330 0.00680
Ca 0.02220 0.00057 0.13980 0.12530 0.09640 0.08460
Ti 0.00030 0.00000 0.00070 0.00130 0.00080 0.00070
v 0.00020 0.00008 0.00065 0.00170 0.00080 0.00090
. Cr 0.00030 0.00028 0.00080 0.00160 0.00080 0.00080
Mn 0.00005 0.00001 0.00020 0.00020 0.00017 0.00016
Fe 0.00450 0.00033 0.01250 0.01520 0.01520 0.01180
Ni 0.00006 0.00002 0.00014 0.00024 0.00018 0.00012
Cu 0.00010 0.00004 0.00013 0.00011 0.00019 .- 0.00008
Zn 0.008390 0.03750 0.00730 0.00190 0.00340 0.00140
Se 0.00140 0.00013 0.00040 0.00001 0.00014 0.00004
Br 0.00001 0.00016 0.00000 0.00000 0.00004 - 0.00000
Rb 0.00050 0.00077 0.00006 0.00001 0.00008 0.00004
Sr 0.00002 0.00003 0.00040 0.00030 0.00030 0.00030
Cd 0.00080 0.00234 0.00370 0.00050 0.00040 0.00020
Hg na 0.00007 na " na 0.00000 0.00000 -
Tl na na na na 0.00000 0.00000
Pb na_ 000036 na_ na 0.00000 0.00003




Table 2. Continued

12

» Phosphorus Ore

13

- ~'Nodules

14
.+ - 'Green Briquette

15
- Nodule Fines

16
- Splitter Dust

17
" -Coke

coarse coarse coarse coarse coarse coarse

Si 0.03350 0.05720 0.02350 0.03020 0.03450 0.01910
P 0.05130 0.06140 0.05030 0.04640 0.05420 0.00420
S 0.00160 0.00380 0.00310 0.00160 0.60430 0.00630
K 0.00320 0.00500 . 0.00250 0.00310 0.00590 0.00080
Ca 0.11470 0.16780 0.12090 0.11880 0.13770 0.02440
Ti 0.00060 0.00090 0.00040 0.00060 0.00070 0.00025
\ 0.00050 0.00110 0.00050 0.00070 0.00130 0.00010
Cr 0.00050 0.00100 0.0005§ 0.00060 0.00110 0.00009
Mn 0.00005 0.00004 0.00000 0.00003 -0.00012 0.00003
Fe 1 0.00550 0.00910 0.00460 0.00570 0.01150 0.00400
Ni 0.00002 0.00015 0.00005 0.00010 0.00015 0.00001
Cu 0.00007 0.00010 0.00004 0.00006 0.00012 0.00003
Zn 0.00059 0.00100 0.00070 0.00080 0.00160 0.00008
Se 0.00001 0.00004 0.00003 0.00002 0.00000 0.00001
Br 0.00001 0.00000 0.00001 0.00000 0.00000 0.00000
Rb 0.00002 0.00003 0.00002 0.00002 0.00004 0.00001
Sr 0.00033 0.00050 0.00030 0.00040 0.00040 ° 0.00008
Cd 0.00005 0.00009 0.00010 0.00010 0.00050 0.00005
Hg 0.00000 0.00001 0.00000 0.00001 0.00000 0.00000
T 0.00002 0.00000 0.00001 0.00000 0.00000 0.00000
Pb 0,00010 0.00000 0.00001 —0.00003 Q.00002

0.00000

o - 20 . Lo 21 22 . 23
.--Slag . i:o-Ferrophos .. Crushed Ferrophos - Primary Soil . - .-.Bkgd Soil .

K ‘coarse - coarse ' coarse " coarse - coarse
Si 0.13340 0.07520 0.13320 0.03140 0.08790 0.06240
[ 0.00320 0.01320 0.00660 0.02580 0.03730 0.00200
S 0.00030 0.00230 0.00350 0.00050 0.00140 0.00010
K 0.00850 0.00520 0.00780. 0.00340 0.00670 0.00480
Ca 0.01290 0.13690 0.07270 0.02420 0.11340 - 0.01560
Ti 0.00070 0.00090 0.00130 .0.00130 0.00090 0.00070
V' 0.00005 0.00070 0.00100 0.00450 0.00040 0.00002
Cr 0.00008 0.00070 0.00100 0.00400 0.00060 0.00003
Mn 0.00003 0.00009 0.00013 0.00030 0.00018 . 0.00013
Fe .0.00740 0.00770 0.01730 0.05780 0.00860 . 0.00520
Ni 0.00001 0.00013 0.00012 . 0.00060 0.00010 0.00000
Cu 0.00000 0.00006 0.00012 0.00070 0.00006 0.00001
Zn 0.00007 0.00024 0.00020 0.00040 0.00120 0.00005
Se 0.00000 . 0.00001 0.00000 0.00000 0.00001 0.00000
Br 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Rb 0.00002 0.00002 0.00004 0.00000 0.00004 0.00002
Sr 0.00013 0.00050 0.00020 0.00003 0.00030 0.00006
cd 0.00000 0.00000 0.00003 0.00000 0.00017 0.00003
Hg 0.00000 0.00001 0.00000 0.00000 0.00001 0.00001
Ti 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Pb 0.00000 __0.00006 0.00060 0.00000 0.00002 0.00000




Table 2. Continued

. 24 IR N .. ... 25420 25420 . 41138 _
Primary Road -.:zCalciner Stack *:~:Calciner Stack - *Slag Loadout * .. -Slag Loadout "~ Paved Road Dust
' coarse “fine ) i : fine coarse fine

Si. 0.07790 0.00018 _0.00841 0.04581 -0.22462 0.16505

P 0.01420 0.06160 0.10227 0.00858 0.03291 0.00692

S 0.00120 " 0.09090 0.08787 0.00295 0.01002 -0.00525

K 0.00420 0.02920 0.01946 0.00723 0.02205 0.01639
Ca 0.08880 0.00040 0.00314 0.08308 0.25577 0.09523 -
Ti 0.00110 0.00000 0.00003 0.00068 0.00140 0.00340

V' 0.00040 0.00020 0.00032 0.00022 0.00047 0.00034
Cr 0.00040 0.00080 0.00052 0.00022 0.00130° 0.00041
Mn 0.00020 0.00000 0.00001 0.00016 0.00033 0.00087
Fe 0.01150 0.00025 0.00049 0.00356 0.00989 0.03385

Ni ' 0.00007 0.00001 0.00002 0.00004 0.00032 0.00011
Cu 0.00004 0.00020 0.00007 0.00004 0.00008 0.00018

In 0.00030 -0.00160 0.00083 ~ 0.00352 0.00861 0.00318

Se 0.00000 0.00260 0.00305 0.00001 0.00001 0.00001

Br 0.00000 0.00013 0.00072 0.00002 0.00003 0.00002
Rb 0.00001 0.00020 0.00014 0.00007 0.00016 0.00011

Sr 0.00030 0.00000 0.00000 0.00035 0.00080 0.00035
Cd 0.00000 0.01990 0.00868 0.00034 - " 0.00082 0.00018
Hg 0.00002 0.00000 0.00000 0.00000 0.00000 0.00001 -
T 0.00000 0.00420 na na na na

[ ds) 0.00000 0.00030 000018 0.00003° 0.00003 0,00069

_ 41139 - . 41140 - . 41206 - - 41206 ' 41207 . 41352
‘Paved Road Dust . Paved Road Dust - re & Road Dust Ore & Road Dust Ore & Road Dust Ore & Road Dust
fine - fine - “fine coarse : fine : fine -
Si 0.09644 0.20784 0.05091 0.09300 0.15014 0.20960
P 0.06863 0.01526 0.10013 0.11931 0.05320 0.00311
S 0.01478 . 0.00667 - - - 0.01031 - - 0.01363 0.00984 7 70.00133
K 0.01260 0.01898 0.00638 . _ - 0.00707 0.01484 0.02458
Ca 9.17238 0.10748 0.30662 0.29831 0.18833 0.04721
Ti 0.00179 0.00325 - 0.00113 0.00103 0.00213 . 0.00399
V') 0.00258 . 0.00062 0.00272 0.00164 0.00262 0.00033
Cr 0.00211 0.00063 0.00181 0.00111 0.00224 0.00029
Mn 0.00041 0.00076 0.00020 0.00012 0.00030 0.00123
Fe 0.02614 0.03351 0.01441 0.00850 0.02355 0.04375
Ni 0.00031 0.00016 0.00034 0.00024 0.00036 0.00006
Cu 0.00019 0.00022 0.00015 0.00014 0.00025 0.00007
Zn 0.00440 0.00313 0.00284 0.00200 0.00660 0.00039
Se . 0.00006 0.00001 0.00004 0.00006 0.00006 0.00001
Br - 0.00003 0.00002 0.00001 0.00002 0.00004_ 0.00002
Rb 0.00007 " 0.00014 0.00004 0.00003 0.00010 0.00018
Sr 0.00066 0.00041 0.00091 0.00081 0.00081 0.00025
Cd 0.00036 0.00024 0.00025 0.00004 0.00064 0.00005
Hg 0.00003 0.00001 0.00002 " 0.00000 0.00004 0.00002
TI na na na na na na
Pb 0.00011 0.00025 0.00002 0.00005 0.00011 0.00006

Values greater than twice the analytical uncertainty are shown in boid.

na = not analyzed.

The eleven profiles identified by the 5-digit Speciate Library profile numbers were collected on-site or near the FMC complex as part of the
Pacific Northwest Source Profile Prqed



Table 3a.w ooncer_mations at Primary site for selected conditions, 10/08/96-8/30/98 (Units =/\nglm’).

“Non-FMC" -, “FMC~ PM,, Exceedances
wd<166 and wd>237 166<wd<237 166<wd<237
- 97 Samples §3 Samples 13 Samples
Mean unc n Mean unc Mean unc
wd 313 208 193
Mass 97 23962 2310 63 53018 5317 13 90770 9089
Al 42 48 35 40 148 61 10 322 100
Si 89 233 44 438 269 63 10 457 107
P g6 3964 611 63 __1_1,987_ 1753 13 18231 2918
S 97 670 78 63 1006 121 13 1366 164
K 97 446 52 63 825 99 13 798 97
Ca 97 202 23 63 368 44 13 604 72
Ti 24 <5.8 29 14 <53 27 5 6.5 28
Ve 17 <23 1.1 39 2.1 1.1 12 5.6 1.3
Cr 66 26 0.6 61 73 141 13 11.2 16
Mn 56 1.3 05 33 1.2 0.6 7 14 0.6
Fe 97 101 13 63 120 16 13 -151 20
Ni 6 <1.2 06 14 <1.3 06 6 1.4 07
Cu 74 34 09 58 38 09 13 46 1.0
Zn .97 89 12 63 193 26 13 167 22
Se 94 34.7 46 61. ﬂ 16. 13 1 a7 26
Br 88" 33 0.7 57 3.0 07 13 43 09
Rb 73 30 06 62 56 os| 13 5.1 08
Sr 67 1.4 0.5 53 1.8 05 12 27 0.6
Cd 72 19.1 36 60 66.7 94" 13 111 15
Hg 20 <24 1.2 24 42 15 7 6.4 1.8
T 55 42 09 57 18.0 26 13 318 44
Pb 50 32 1.3 43 46 1.7 11 6.4 2.0
n = number of detections (concentrations >2x measurement uncertainty).
Samples with 24-h wind speed <1 m/s were omitted. .
Values preceded by < were detected in fewer than one-third of the samples.
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Table Jﬁwoomemrations at Primary site for selected conditions, 10/08/96-8/30/98 (Units = ng/m?).

“NonFMC" “FMC* PM,, Exceedances
" wd<166 and wd>237 166<wd<237 166<wd<237
97 Samples 63 Samples 13 Samples
n Mean unc Mean unc Mean ‘unc
wd 313 209 193
Mass 97 21792 2296 63 36971 4283 13 58987 6900
Al 94 688 217 63 1052 332 13 1832 573
Si 97 3267 867 63 4930 1331 13 7814 2085
P 18 <983 491 2 <2650 1325 0 <4374 2187
S 96 189 43 63 364 77 13 555 113
K 97 391 60 63 653 105 13 1060 161
Ca 97 2782 332 63~ 5825 722 13 " 8060 1123
Ti 92 431 8.4 63 7.3 127 13 1203 PAR|
v 77 " 122 28 63 426 73 13 79.6 133
Cr 96 147 26 63 454 75 13 85.6 14.1
Mn 97 8.6 14 63 8.9 1.6 13 16.2 24
Fe 97 466 64 63 704 99 13 1151 162
Ni 46 18 08 61 71 1.4 13 13.4 2.2
Cu 71 30 09 61 55 1.2 13- .86 16
Zn 97 34.8 6.5 63 80.4 149 13 124 21
Se 8 <1.8 09 22 58 29 6- 11.2 4.9
Br 54 09 05 42 14 05 12 25 0.7
Rb 78 20 05 63 34 07 13 54 0.9
|sr 97 9.2 13 63- 200 26 13 N7 40
Cd 33 - 35 21 57 144 - 37 13 281 5.9
Hg 7 <18 0.9 1 <21 10 4 <25 12
Ti o] <1.0 05 4 <14 07 2 <20 1.0
Pb 4 <19 0.9 3 <21 1.0 0 <23 1.1
n = number of detections (concentrations >2x measurement uncertainty).
Samples with 24-h wind speed <1 m/s were omitted. _
Values preceded by < were detected in fewer than one-third of the samples.
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Table 4. Estimated PM, . PM, ;. ., and PM,, composition for PM,, exceedances (in percent).

Pjﬁu PMuoss PM,.;!
Phosphate? T2 . 15 - @
Crustal 3 @ 5 23
so, 3 3 3
Metals ’ 1 _ 1 1
Background 1 18 14
Organic +Elemental Carbon’ ' (5) 2 (4
Unknown i 5 11 6
Measured Mass (ug/m’) : 88.3 623 150.6

PM,, (= PM,4 + PM,, ) is assumed to approximate PM,,.
2Assume 50% H,PO, + 50% H,NH, PO, for PM, , and PO, for PM,,.
3Carbon estimates are shown in parentheses to indicate a fow degree of confidence.



Table 5. UNMIX source compositions and uncertainties determined from 204 Primary site dichot pairs (species in bold have signal/noise
>2). ’ ) .

Fine i Source 1 Source 2 Source 3 Source 4
Fraction Calciner+Flares Furnace Simplot-Pocatelio : Fine Dust
Mass (ng/m’) 13828 2922 - 7264 1373 7143 3179 3412 3027
Si 000236 0.00322 000085  0.00251 000282 000163 0.08057  0.47064
P 0.22815  0.02219 0.22424 0.01366 0.10610 0.02338 . 0.10206  0.40962
S.. 0.01338  0.00366 -0.00115  0.00063 . -0.00043  0.00024 000043  0.00243
S 0.00789  0.00791 0.01737  0.00347 0.05868 0.01249 -0.00716  0.17944
K., 0.00430 0.00118 -0.00037  0.00020 -0.00014  0.00008 -0.00014  0.00078
Ky 0.00364  0.00345 0.04785 0.00768 -0.00044  0.00094 0.01570 0.09979
Ca " 000157 0.00183 0.00730 000172 -0.00111  0.00145 " 005316 0.37001
Se,, ’ 0.00038  0.0001t -0.00003  0.00002 . -0.00001  0.00001 -0.00001  0.00007
Se,, 0.00278  0.00053 0.00222 0.00036 0.00048  0.00037 -0.00196 0.01736
Rb,, 0.00003  0.00001 0.00000  0.00001 0.00000  0.00001 0.00000 0.00001
Rb, - - 0.00003  0.00002 0.00034  0.00006 0.00001  0.00001 0.00007 0.00043
Cd 0.00175 0.00054 0.00104 0.00037 0.00036 0.00018 0.00064  0.00621
n 0.00062  0.00017 -0.00005  0.00003 0.00002  0.00001 -0.00002  0.00011
% ofavg 430291 226143 22199 106+ 9.4
mass
Coarse Source 1 Source 2 Source 3 Source 4
Fraction . Coarse FMC Dust Non-FMC Dust Furnace Other
Mass (ng/m?) 8717 1249 ) 7000 1300 6403 1480 3172 1440
Al 0.03047  0.00220 0.04924  0.00595 0.02014 0.00345 0.01335  0.00442
Si 0.12117  0.00695 .7 0.19736 0.01616 0.14453 0.01243 0.08560 0.01280
0.06703  0.00721 - 0.00815 0.00379 0.03189  0:00930 0.02986¢ 0.00789
. ~0.00808 0.00119 0.00151  0.00163 0.00832 0.00237 0:03440 008975
K ! 0.01652 0.00150 0.01646 0.00194 0.02592 001018 0.00628 0.00381
Ca 0.16005  0.00965 0.06891  0.01569 0.19967 0.02073 0.12912  0.02203
Ti 0.00205 0.00014 0.00294 0.00036 0.00185  0.00027 0.00065 0.00033
v © 0.00182  0.00020 0.00000 0.00013 0.00070 0.00018 0.00019  0.00012
Cr 0.00198  0.00024 . -0.00007 0.00014 0.00076  0.00024 0.00027 0.00013
Mn 0.00018  0.00005 0.00079  0.00011 ' 0.00016  0.00004 0.00027  0.00007
Fe 6.02026 0.00185 0.03282 0.00510 © 0.00991  0.00287 0.01911 0.00614
Zn 0.00232 0.00025 -0.00004  0.00035 0.00354 0.00098 0.00028 0.00036
Rb 0.00008  0.00001 0.00008  0.00001 0.00015 0.00006 0.00008 0.00002
%ofavg 347150 279452 255159 126457
mass .

' S,, = Sulfur mass fraction in calciner stack profile. _
S, = Sulfur associated with sources other than caiciner.



Table 6. Estimated UNMIX source contributions to PM,, at the Primary site.

UNMIX Factor Average Contribution £ Uncertainty (% of PM,;)
203 Dichot Pairs . 9 Exceedance Days

“Calciner + Flares” 2415 . 38+12
“Furnace” (fine+coarse) 244 1327

. “Coarse FMC Dust” 15¢2 - 27+18
“Non-FMC Dust"” 1222 : 25
“Simplot-Pocatello” 12+ 6 4+3
“IFine Dust” 615 : 6+3
“Other" 623 o . 2%3
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Figure 1. Aerial view of the Fort Hall study area showing the FMC complex and the anary and
Sho-Ban monitoring sites.



Figure 2. Personal air sample collected from the ground flare plume during a miniflush. Particles
are approximately 1 micron in size and cling to fine Teflon fibers comprising the filter. Nearly all

 particles are droplet-like P-rich particles similar to the one centered in the magnified image on
the right. Large clumps of white are Teflon ribs which provide structural support for the-
membrane filter. '
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Figure 3. Primary site wind rose for hourly-averaged wind speed and wind
direction. Data were collected between 10/01/96 and 11/30/98.
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" Figure 4. PM,, roses at the Primary, Sho-Ban, and Background monitoring sites for samples
collected between 10/08/96 and 6/30/98. The radial amplitude is proportional to the 24-h PM,,
concentration. Solid data points are PM,, exceedances.
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Figure 5. Relative frequency plots for 24-h PM , exceedance samples at the Primary and Sho-
Ban sites. Plot resolution is 10 degrees. Hourly-averaged wind direction data were compiled from
34 sampling days for which exceedances were recorded only-at the Primary site (solid curve) and
14 days for which exceedances were recorded only at the Sho-Ban site (dashed curve). The
vertical scale shows the frequency of hourly wind directions from a given 10° sector relative to
all hourly data for that wind sector. ) -



Figure 6a. Fine dichot sémple collected at the Primary site (8/26/97). The superimposed x-ray
spectrum, acquired by rastering the electron beam over the entire field, shows that nearly all
particles are phosphorus-rich. (The fluorine and carbon peaks are generated by the Teflon filter).

Figure 6b. Coarse dichot sample collected at the Primary site (8/26/97). Coarse particle
| : chemistry is dominated by Ca and Si. Spherical particles such as the large Ca- 81 rich sphere in
‘ ~ the upper center of the field are produced in combustion processes.
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Figure 7. Relative frequency plots for selected fine and coarse dichot species at the Primary site. -
The fine Br plot was constructed from samples having Br concentrations exceeding the 95
percentile. Samples with 24-h wind-speed-corrected concentrations exceeding the 90" percentile
were selected for all other fine species. Fine P and fine Rb plots were nearly identical to fine
mass and fine K, respectively, and were not plotted. Coarse plots were constructed from samples
with uncorrected 24-h concentrations exceeding the 90" percentile. Coarse Si, Cr, and Rb plots
were nearly identical to plots of coarse mass, coarse V, and coarse K, respectively.
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Figure 9. Continuous PM,  (top) and PM,, ; (bottom) mass results, averaged by wind sector, for
November 19, 1998 - June 6, 1999. Coarse (PM,,, ;) concentrations were calculated as the .
difference between TEOM PM,, and TEOM PM, s concentrations. Wind sectors are contiguous
22.5-degree sectors with Sector O representing 0-22.5 degrees. PM, ; mass loadings peak sharply
in Sector 8 (180-202.5 degrees) while coarse mass loadings peak in Sector 9 (202.5-225 degfees).
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Figure 10. Percent of PM, s mass versus wind sector for selected species measured at the Primary
site. Each 10-degree sector was assigned to a separate ACCU channel which collected aerosol
only when the 1-min average wind direction was from the assngned sector and the 1-min average
wind speed exceeded 2 ms™!
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Figure 11. Relative frequency plots‘ for fine-fraction (left) and coarse-fraction (right) UNMIX
factors. For each factor, hourly wind direction data were compiled from the 20 dichot samples
with the highest predicted mass contributions for that factor (90" percentile).




